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fore the electron density in the plasma and the associ-
ated intensity of light emiss ion by the atoms should
depend on the degree of spin orientation of the meta-
stable a t o m s . Apparently, a competing process of op-
posite sign is also present h e r e , and leads with in-
creas ing discharge intensity to a r e v e r s a l of the sign
of the resonant change of the radiation intensity'-6·'. It
is possible that this process is the optical transit ion
23Si — 2 3 Pj with subsequent decay 2 3 P X - l ^ o , lead-
ing to a drop of the concentration of the metastable
a t o m s ; this drop increases with increasing discharge
intensity.

The described phenomena could be observed also
following optical pumping of helium-3 atoms in the
metastable s ta te . Experiments on helium-3 atoms a r e
presently being performed to verify the proposed ex-
planations of the nature of these phenomena.

Optical orientation of metastable neon and xenon
atoms was obtained both with circular ly polarized and
unpolarized light. These investigations of optical pump-
ing of inert-gas atoms in the Ρ s tate, which a r e of
considerable theoret ical interest , a r e presently being
continued.

Work on the development of new quantum-electronic
devices based on optical orientation of atoms is
presently being performed at the Physico-technical
Institute of the USSR Academy of Sciences.

A new type of quantum magnetometer, namely a
self-generating quantum magnetometer with optical
orientation of metastable atoms of helium-4
(GSM-4) [ 7 ], has been developed. This magnetometer
has many advantages over the existing instruments .
Thus, unlike the magnetometer based on alkal i-metal
a toms, the helium magnetometer has a simple r e s o -
nance line, a l inear connection between the magnetic
field and the resonant frequency, and a weak independ-
ence of the t e m p e r a t u r e . Compared with the existing
helium magnetometers , based on the scheme of auto-
matic tuning of the generator frequency, the self-
generating magnetometer GSM-4 has the advantages
of simplicity, compactness, and reliabil ity, which a r e
ensured by a spin g e n e r a t o r [ 7 ] .

A model was also developed of a self-generating
magnetometer based on optical orientation of the
nuclear moments of helium-3 (GSM-3). This magneto-
meter has many advantages when it comes to perform
measurements under static conditions.

A special procedure was developed for constructing
absorbing cel ls capable of producing simultaneous
optical orientations of helium atoms and alkal i-metal
atoms in a single c e l l [ 8 ] . Methods were also developed
for stabilizing magnetic fields with the aid of spin
generators with optical pumping of a lkal i-metal and
helium a t o m s . These resu l t s can be used for the de-
velopment of new types of nuclear quantum-gyroscopes
with optical pumping.
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Besides interband magnetic breakdown, which is ob-
served in a large number of m e t a l s , there have been
also theoret ical studies of intraband magnetic break-
down, when the c a r r i e r s execute internal transit ion
between t ra jector ies pertaining to different valleys of
the same energy band, something possible if the energy
spectrum has a saddle point.

In the present paper it is established, as a resul t of
the investigation of the Shubnikov-de Haas (SH) effect
in tel lurium single crys ta l s , that the energy spectrum
of the valence band of tel lurium has a saddle point
located 2 meV away from the edge of the band, and
intraband magnetic breakdown of the c a r r i e r t ra jec-
tor ie s was observed for F e r m i energies close to the
saddle-point energy. It was shown that the hole d isper-
sion law is described by the expression

ε = Akl + Bk\ - V' Δ2 + (1)
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t e r m i n e d f r o m t h e e x p e r i m e n t a l d a t a [ 1 ' 2 1 .

A c c o r d i n g t o (1), a t a h o l e c o n c e n t r a t i o n P c r = 6

χ 10 1 6 cm" 3 (corresponding to the saddle-point energy)
in a magnetic field Η X C 3 ( C 3 is the trigonal axis of
the crysta l) , the c a r r i e r s descr ibe t ra jector ies with
self-intersection.

Zi l 'berman and Azbel' 1 · 3 ' 4 1 have shown that such a
motion cannot be considered in the quasiclass ical ap-
proximation; a quantum-mechanical analysis indicates
in this case the possibility of simultaneous realization
of two t ra jector ies—a complete dumbell-like and a l-
most elliptical one, encompassing approximately half
a s large an a r e a , this being the consequence of the
c a r r i e r tunneling from one quasiclass ical orbit to
another (intraband magnetic breakdown).

For the model under consideration, magnetic break-
down at ρ > Per—breakdown of the neck of the dumbell—
leads to the appearance of additional intersections at
Η 1 C C l ' 2 1 . At ρ < p c r , the c a r r i e r jumps over from
one elliptical orbit to another and forms a tra jectory
that encirc les approximately double the a r e a .

In the exact solution, such a qualitative picture
corresponds to splitting, in the magnetic field, of the
system of levels for one ellipsoid into two subsystems,
corresponding to two types of c a r r i e r orbits in the
magnetic field. As a resul t it becomes possible to ob-
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serve a magnetoresistance maximum corresponding tothe zero Landau level.The figure shows the experimental results of theinvestigation of the SH oscillations in a magnetic fieldup to 100 kOe at liquid-helium temperature, on sampleswith different hole concentrations near pcr.The results indicate that realization of magneticbreakdown leads to simultaneous appearance in theoscillations of harmonics corresponding to two typesof possible carrier trajectories, and the contributionof each of the trajectories to the quantum SH oscilla-tions changes with increasing concentration, i.e., withchanging breakdown probability.

The quantization formulas given in Azbel's paper[4],and also the quasiclassical quantization rules, whichcan be used at energies sufficiently far from thecritical value, make it possible to plot the position ofthe Landau levels against the magnetic field for thedispersion law (1). Such a calculation is in satisfactoryagreement with the presented experimental data.The investigated angular dependence of the positionof the zero maximum of the oscillations on the angle
between the direction of the magnetic field Η and the
axis C 3 confirms the interpretat ion wherein the ob-
served phenomenon is regarded as intraband magnetic
breakdown.
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M. S. Rabinovich. Stel larator Program
The s te l la ra tor program was and remains one of the

main p r o g r a m s of controlled thermonuclear fusion
(CTF). The principle of plasma containment is the
same in the s te l lara tor as in the Tokamak. Plasma
containment is determined by the magnetic surfaces
with sufficiently large angle of rotation of the force
lines (i), shear θ = ( r 2 / R ) d i / d r , where r and R a r e
the minor and major radi i of the torus , and the well of
the magnetic field averaged along the force line ( H )
= { lim ( l / Z ) J d Z / H } . The shortcomings of the s te l-

l a r a t o r a r e the absence of axial symmetry, the diffu-
culties in producing the magnetic field and, conse-
quently, and the lower efficiency of magnetic-field
energy util ization. Its advantage lies in the possibility
of controlling the field p a r a m e t e r s , attaining large
angles i, and producing stationary installations, and
in the great variety of configurations. The first stage
in the s te l lara tor program is the production of the nec-
essary magnetic fields and of methods of measuring and
correct ing the magnetic sur faces . This necessary
stage of r e s e a r c h has already been performed. An at-
tempt to bypass this stage has caused failure of the
s te l lara tor program of the Princeton Plasma Physics
Laboratory, where the s te l lara tor idea itself was
originated in 1952 (L. Spitzer). At the present t ime,
ideal magnetic surfaces with angle i = 6π (Physics
Institute, USSR Academy of Sciences), large shear
θ = 0.1 (Physico-technical Institute, Ukrainian
Academy of Sciences and Culham, England).

The second stage of the s te l lara tor program is an
investigation of plasma containment. The main resu l t s
of this stage a r e as follows:

1) In the kinetic regime (mean free path larger than
the per imeter of the apparatus), at temperatures Te
= 5—10 eV and Ti = 20—40 eV, and a plasma density
η < 10 1 1 cm" 3 , the part icle lifetime is proportional to
the angle of rotation of the force l ines, and at a shear
of θ ^ 0.05 it differs by a factor of 5 from the
" c l a s s i c a l " values determined by pair collisions.

2) At cert in resonant values of the angle i, when
the force line is closed after a smal l number of t u r n s ,
i/2ir = p/q, where ρ and q a r e smal l integers, a sharp
decrease of the plasma lifetime is observed, apparently
result ing from the formation of convective ce l l s .

3) In the hydrodynamic reg ime, c lass ical lifetimes
were obtained in a cold plasma (Garsching, West
Germany). In this case, however, the Bohm time is
smal le r than the c lass ical only by one order of magni-
tude. The " U r a g a n " apparatus (Physico-technical
Institute of the Ukrainian Academy of Sciences) pro-




